
NASA TECHNICAL TRANSLATION NASA TT F 16,158

EFFECT OF SILICON, MOLYBDENUM, AND COPPER ON THE

PITTING CORROSION OF STEEL 00Khl8N20

n F. N. Tavadze, N. D. Tomashev, S. N. Mandzhgaladze,
Oo

t L. A. Akhvlediani, L. F. Tavadze, O. N. Markova,

Sw and G. P. Chernova

ao n

0 r

M Translationj o f "Vliyaniye krem-

s o niya, molibdena, i medi na sklo-
m nnost'stali 00Khl8N20 k pittin-

govoy korrozii", Soobshjheniya
; , A Akademii Nauk Gruzinskoy, SSR,

DVol. 61 'No. 1, 1971, pp. 133-
( 1 3 6 .

! tQ 0 L0,

NATIONAL AERONAUTICS AND SPACE ADMINISTRATIONWASHINGTON, D. C. 20546 FEBRUARY 1975

KD~
Y~rN 4



STANDARD TITLE PAGE

1. Report No. 2. Government Accession No. 3. Rocipient's Catalog No.
NASA TT F 16,158

4. Title and Subtitle Daj ~ eport Date
Effect of Silicon, Molybdenum, and Copper on __euary 25, 1975
the Pitting Corrosion of Steel 00Khl8N20 6. Performing Organization Code

7. Author(s) 8. Performing Organization Report No.

F. N. Tavadze, N. D. Tomashev, S. N.
Mandzhgaladze, L. A. Akhvlediani, L. F. 10. Work Unit No.
Tavadze, 0. N. Markova, and G. P. Chernova

11. Contract or Grant No.
9. Performing Organization Name and Address . NASw-2483

SCITRAN 13. Type of Report and Period Covered
box 5456

anta Barbar CA 310l Translation

12. Sponsoring Aaency Name and Address
National Aeronautics and Space Administration
Wasnington, D.C. z0546 14. Sponsoring Agency Code

IS. Supplementary Notes

Translation of: "Vliyaniye kremniya, molibdena, i medi na
sklonnost' stali OOKhl8N20 k pittingovoy korrozii," Soobshcheniya
akademii nAuk gruzinskoy, SSR, Vol. 61, No. 1, 1971, pp. 133-136.

16. Abstract

The tendency of steel OOKhl8N20 (18 Gr 20 Ni) alloyed by silicon,
molybdenum, and copper,,to pitting corrosion was investigated as
a function of the content of alloying elements, Alloying by copper
decreases the resistance of steel to pitting corrosion, but as a
result of complex alloying (by copper, silicon, and molybdenum),
the steel shows high resistance to this type of corrosion. It has
been established that it is more effective to-alloy steel 00Khl8N20
by 1% rather than by 2% of silicon.

17. Key Words (Selected by Author(s)) 18. Distribution Statement

Unclassified - Unlimited

19. Security Classif. (of this report) 20. Security Classif. (of this page) 21. No. of Pages 22. Price

Unclassified Unclassified

ii



EFFECT OF SILICON, MOLYBDENUM, AND COPPER ON THE

PITTING CORROSION OF STEEL 00Khl8N20

F. N. Tavadze, N. D. Tomashev, S. N. Mandzhgaladze,

L. A. Akhvlediani, L. F. Tavadze, O. N. Markova,

and G. P. Chernova

Stainless steels which have high corrosion resistance to /133*

pitting corrosion are :of.great interest for industry. It is

well known that alloying stainless steels with molybdenum or

silicon increases their resistance-to pitting corrosion [1 - 41.

This article investigates several austenite steels with a

00Khl8N20 base alloyed with different amounts of molybdenum,

silicon, and copper, and also steel 0Khl8N20S3M3D3B (EP 667).

The amount of chromium in the alloys chang from 1713 to 17.49%,

nickel - from 19.5 to 20.0%; molybdenum - from 1.0 to 5.0%;

silicon - from 0.94 to 4.00%; copper - from 1.5 to 5.1%;

carbon -- from 0.003 to 0.06%.

A new corrosion-resistant steel of the austenite class

(EP 667), developed in the AN GSSR Institute of Metallurgy,

has great resistance in several corrosive media (hot solutions

of sulfuric acid - up to 800 C, etc.), and has been put into

production as hydroxylamine sulfate. It is of interest to

analyze the behavior of this steel in a medium containing

chlorine ions.

*Numbers in the margin indicate pagination of original
foreign text. -
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The steels were tested in a tempered state (tempering in

water from a temperature of 11000 C). A study of the micro-

structure of steels of the 00Khl8N20 type with differihg

contents of silicon, molybdenum, and copper showed that, in

the tempered state, all of the steels have a polyhedral auste-

netic structure. No separation of other phases was observed.

The pitting formation potential (E ) of the steels studied

was used to establish the pitting tendency; this was determined

from the potentiokinetic and potentiostatic curves and the

method of Brennert [5].

The potentiokinetic curves were recorded at a rate of 32

volts per hour in 0.1 N NaCl at 250-in a potentiostat of the Cetra
Laboratory of Automation (TsLA). The cylindrical samples of the

steels were placed in an epoxy resin. The working surface of the

sample represented a base of a cylinder with a 2.0 mm diameter.

Before recording the curve, the samples were cleaned with No. 28

emery paper, washed with a solution of soda, and then with dis-

tilled water, and dried with filter paper. The pitting formation

potential was assumed to be the potential for the beginning of a

current increase on the curve. For steel with 1% silicon in the

0.7 - 1.3 volt potential region, periodic fluctuations of the

current were observed, which were apparently due to the formation

and repassivation of pitting. The potential corresponding to a

sharp current increase was used as the pitting formation potential

on anode polarized curves obtained by potentiokinetic and

potentiostatic methods, The pitting formation potentials obtained /134

by the potentiokinetic method are shown in Figure 1 for all of the

steels studied.
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It was found that, with

al 0 1 an increase in the content of
S0 ~ molybdenum, the potential of

0,3 the 00Khl8N20 steel pitting

formation was displaced in a

--- 7 positive direction. This
Sb9 means that ,when molybdenum

is introduced into 00Khl8N20

' 2 steel, its tendency toward

5 "5 spitting is decreased.
i 2 3 4

% of alloying element The introduction of copper

Figure 1. Influence of into 00Khl8N20 steel displaces

alloying elements in 00Khl8N20 its pitting formation potential
steel on the pitting increase
rate (AE) (a) and the pitting
formation potential (b). i.e., its tendency toward

I- % silicon; 2- % molybdenum; pitting is increased.
3- % copper; 4- 00Khl8N20 steel;
5- EP 667 steel.

In 00Khl8N20 steel alloyed

with silicon, there is a more complex dependence of the pitting

formation potential on the amount of silicon in the steel. The

largest positive pitting formation potential is observed in

steel with 1% silicon, and the smallest -- in steel with 2%

silicon. With a further increase in the silicon up to 4%, the

pitting formation potential is again displaced in the positive

direction.

Combine-j,, alloying of steel with 3% silicon, 3% molybdenum,

and 3% copper, i.e., the composition of steel corresponding to

EP 667, gives a pitting formation potential of + 1.44 volts,

which is more positive than for 00Khl8N20 steel alloyed with 3.0%

molybdenum or 3.0% silicon. Consequently, there is no negative

influence of copper with combined alloying.~'
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The positive role of combined alloying with molybdenum and

silicon of steel 18 -- 8 is well known from [i, 2]. The decreased

tendency toward pitting corrosion with the Vicombined allying i

with silicon, molybdenum, and copper was observed first.

In order to study the influence of alloying elements on

the pitting increase rate, on the potentiokinetic curves we noted

the potential at i = 100 pA, arbitrarily calling it the potential

of stable pitting increase CE.). The difference AE = E. - E
1 1 p

characterizes the resistance of steel to the pitting expansion

(increase in the area): the greater is AE, the lower is the

pitting development rate, and vice versa.

The value of AE increases stably when there is an increase

in the amount of molybdenum or silicon in the steel, which

characterizes a decrease in the pitting increase rate for thesel

steels. When there is an increase in the copper content in the /135

steels, the pitting increase rate does not change (Figure 1).

The pitting formation potentials in steels with silicon

were determined by recording the potentiostatic curves using

the method of Brennert [5]. The potentiostatic curves were

recorded in 0.1 N NaCl at 250 C for cylindrical samples with a

diameter of 2 mm, which were submerged in a solution to a depth

of 3 mm without insulation. The current was recorded every

15 minutes after measuring the potential with intervals of

50 mV.

When the method of Brennert was used [5], we made an

automatic recording of the potentials, which excluded the

possibility of errors in determining the pitting formation

potential. Figure 2 gives data on determining the pitting

formation potential of the steels obtained by different methods.
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P* E The results of these

b6 1experiments show that the

IOa changesin the pitting forma-

i ttion potential as a function

- of the alloying component

content are identical for the

methods used. In 00KhlN20

3steel with 4% silicon, when

, 2 3 , 4 %~s the method of Brennert was

Figure 2. Pitting formation used, the pitting formation
potential of steel 00Kh18N20 potential did not reach
alloyed with silicon (solid
lines) and steel EP 667 (ashed +1.70 - 1.77 V.
lines) determined by different
methods.

1- potentiokinetic; 2- Comparative 120 hour
potentiostatic; 3- method of corrosion tests of silicon
Brennert. steels were performed in a

0.5 N solution of FeCl3 at

250 C.. The number of pittings per unit of area was used to

determine the tendency of the steels toward pitting corrosion.

The area of the samples was 8 cm 2 . The table gives the average

values obtained with two parallel samples. WhenThe number of

pittings were calculated, pittings on the end surface,-lwhich

develop as a rule in the cracks and other defects, were omitted.

00Khl8N20

Steel EP 667
0% Si 1% Si 2% Si 3% Si 4% Si.

Number of visually
apparent pittings 0.62 0.06 3.2 1.3 0.06 0.05
per 1 cm 2
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Steel with 2% silicon had the greatest tendency toward

pitting. A decrease in the tendency toward pitting was observed

in steels with 1 and 4% silicon. The results obtained confirm

the data of the electrochemical tests.

The experiments performed show that, for steel with 1%

silicon,:,.an anomaly is actually observed - steel with 1% silicon

is less inclined toward pitting corrosion than steel with 2%

silicon. Further studies are necessary to explain this interest-

ing fact.
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